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(54) Remote control system

(57) A remote control system includes a control unit
configured to send a control signal to a machine to be
controlled from a position remote from the machine. A
sensor system is operatively linked with the control unit,

and is configured for registering a presence of an oper-
ator in a predetermined proximity to a predetermined lo-
cation. Operation of the machine to be controlled is re-
sponsive to the sensor system.
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Description

Background

[0001] The present disclosure relates generally to re-
mote control systems.
[0002] In some circumstances it can be desirable to
remotely control machines or implements powered by
such machines. For example, certain self-propelled ma-
chines are sometimes used in situations where there is
a need for an operator to control the machine from a
position remote from the machine.
[0003] Improvements in remote control systems are
desired.

Summary

[0004] In accordance with aspects of the present dis-
closure, a remote control system includes a control unit
configured to send a control signal to a machine to be
controlled from a position remote from the machine. A
sensor system is operatively linked with the control unit,
and is configured for registering a presence of an oper-
ator in a predetermined proximity to a predetermined lo-
cation. Operation of the machine to be controlled is re-
sponsive to the sensor system. For example, if the pres-
ence of the operator in the predetermined proximity to a
predetermined location is not registered by the sensor
system, remote operation of the machine can be limited
or completely disabled.
[0005] In accordance with other aspects of the disclo-
sure, a remote control system includes a control unit con-
figured to send a control signal to a machine to be con-
trolled from a position remote from the machine, and sen-
sor system operatively linked with the control unit that is
configured for registering a presence of at least one of
an operator and the control unit in a predetermined loca-
tion. Operation of the machine by the control unit is limited
in response to the sensor system.
[0006] For example, the predetermined location could
be a location that is a predetermined distance from the
machine to be controlled. In some examples, the prede-
termined location includes an enclosure, such as the cab
of a vehicle.

Brief Description of the Drawings

[0007]

Figure 1 is a block diagram illustrating an example
of a remote control system in accordance with as-
pects of the present disclosure.
Figure 2 is a block diagram illustrating example as-
pects of a control unit of the remote control system
illustrated in Figure 1.
Figure 3 is a block diagram conceptually illustrating
the sensor and control unit of the remote control sys-
tem of Figure 1 situated in an enclosure.

Figure 4 is a block diagram illustrating an example
of the remote control system of Figure 1 wherein the
predetermined location includes a vehicle.
Figure 5 is a flow diagram illustrating example oper-
ations of an embodiment of the remote control sys-
tem illustrated in Figure 4.

Detailed Description

[0008] In the following Detailed Description, reference
is made to the accompanying drawings, which form a
part hereof, and in which is shown by way of illustration
specific embodiments in which the invention may be
practiced. In this regard, directional terminology, such as
top, bottom, front, back, etc., is used with reference to
the orientation of the Figure(s) being described. Because
components of embodiments can be positioned in a
number of different orientations, the directional terminol-
ogy is used for purposes of illustration and is in no way
limiting. It is to be understood that other embodiments
may be utilized and structural or logical changes may be
made without departing from the scope of the present
invention. The following detailed description, therefore,
is not to be taken in a limiting sense.
[0009] In some instances, certain self-propelled ma-
chines such as trenchers, terrain levelers, stump grind-
ers, mulching machines, etc. and/or implements driven
by such machines are operated remotely. In certain ap-
plications such remote operation can enhance operator
safety or allow an optimum vantage point for maneuver-
ing the machine. Figure 1 illustrates an example of a re-
mote control system 100 in accordance with aspects of
the present disclosure. The remote control system in-
cludes a control unit 110 that is configured to send a
control signal 102 to a machine 10 from a position remote
from the machine 10. In some embodiments, the machine
10 includes a ground drive for moving the machine 10
and an implement 11 that receives a control signal 102
from the control unit 110. In further embodiments, a plu-
rality of machines may be controlled from a single control
unit 110, or multiple control units 110 could be under the
control of a single operator.
[0010] In some examples, the control unit includes an
appropriately programmed processor 112 (microproces-
sor, microcontroller, application specific integrated circuit
(ASIC), programmable logic device, etc.) configured to
execute various processes for the remote control system
100. Some form of computer readable memory 114 typ-
ically stores program instructions for operating the control
unit. Examples of computer-readable media include
computer storage media and communication media.
Computer storage media is physical media that is distin-
guished from communication media. Computer storage
media includes physical volatile and nonvolatile, remov-
able and non-removable media implemented in any
method or technology for persistent storage of informa-
tion, such as computer-readable instructions, data struc-
tures, program modules, or other data. Computer storage
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media also includes, but is not limited to, RAM, ROM,
EEPROM, flash memory or other memory technology,
CD-ROM, DVD or other optical storage, magnetic cas-
settes, magnetic tape, magnetic disk storage or other
magnetic storage devices, or any other medium which
can be used to persistently store desired information and
which can be accessed by the processor. Any such com-
puter storage media may be part of or external to the
control unit 110.
[0011] Communication media is typically embodied by
computer-readable instructions, data structures, pro-
gram modules, or other data, in a modulated data signal,
such as a carrier wave or other transport mechanism,
and includes any information delivery media. The term
"modulated data signal" means a signal that has one or
more of its characteristics set or changed in such a man-
ner as to encode information in the signal. By way of
example, communication media includes wired media
such as a wired network or direct-wired connection, and
wireless media such as acoustic, RF, infrared and other
wireless media.
[0012] The control unit further includes a user interface
118 that includes the controls necessary for operating
the machine 10 from the remote control system 100. In
some implementations, the user interface 118 replicates
at least some of the controls found in the machine to be
controlled.
[0013] A transmitter or transceiver 116 is connected to
the processor and sends control signals to the machine
10 from the processor 112 in response to the user inter-
face 118 and program instructions. In some embodi-
ments, the system 110 also receives signals from the
machine 10. The transmitter 116 sends (and receives)
control signals via any suitable wired or wireless com-
munication medium, such as radio frequency (RF), infra-
red (IR), etc.
[0014] The remote control system 100 includes a sen-
sor system 120 that is configured to register a presence
of an operator 12 in a predetermined proximity to a pre-
determined location. In Figure 1, the broken line 14 indi-
cates the predetermined location. To further increase the
safety of an operator, for example, the predetermined
position could be a position out of the path of travel of
the machine 10. If the machine is, for example, operating
near a high wall, drop off or mesa, the predetermined
location 14 could be a position safely away from such
terrain features.
[0015] For example, the sensor system 120 is config-
ured in some embodiments for registering a presence of
an operator 12 in the predetermined location 14, such as
by directly determining the position of the operator 12
position using global positioning system (GPS) technol-
ogy. In other examples, the position of the operator 12
is determined indirectly by verifying that the control unit
110 is located at the predetermined location, and the
sensing system 120 is configured to register the pres-
ence of the operator 12 in a predetermined proximity to
the control unit 110.

[0016] In addition to selecting a location 14 safely re-
mote from the machine 10, the predetermined location
includes an enclosure in some implementations. Insuring
that the operator 12 is located in an enclosure that in-
cludes, for example, protection over and around the op-
erator can increase the operator’s safety when remotely
operating the machine 10. Examples of suitable enclo-
sures include building structures that have sides and a
roof, such as a non-portable or portable building or the
cab of a vehicle. Having the operator in an enclosed en-
vironment can help prevent the operator getting too close
to a known structural hazard (drop-offs, trenches, digging
chain, etc.). For example, an operator would probably be
less likely to drive a truck up to an edge of a trench than
to walk up to the edge of that same trench. Further, using
the cab of a vehicle as the enclosure provides mobility
for the operator to potentially maintain a desired vantage
point while performing work with the controlled machine.
The enclosure may also offer a level of protection against
the risk of explosion or possible flying debris.
[0017] Figure 3 conceptually illustrates such an em-
bodiment. In the embodiment illustrated in Figure 3, the
sensor 120 is operatively connected to the control unit
110 and is configured to register the presence of the con-
trol unit 110 in an enclosure 130. In some examples, the
sensor 120 is further configured to register the presence
of an operator inside the enclosure 130 and/or in a pre-
determined proximity to the control unit 110.
[0018] Various sensing technologies could be used for
sensing the presence of the operator 12 in the predeter-
mined location 14 and/or in the predetermined proximity
to the control unit 110. In one example, the sensor 120
includes a pressure sensor that is configured to register
the presence of the operator thereon. In various imple-
mentations, such a pressure sensor is configured to
sense an operator sitting or standing thereon, for exam-
ple. In other embodiments, other sensing technology is
used. For example, capacitive sensing could be used to
sense the presence of an operator in proximity to the
control unit 110. A temperature sensor could be em-
ployed to sense the operator’s body heat in the desired
location. In other examples, a video camera with face
recognition software may be situated near the control
unit to verify the presence of a user. Other sensing tech-
nologies could be employed.
[0019] In still further embodiments, the control unit 110
must receive periodic input from an operator to verify the
operator’s presence near the control unit 110 and/or to
verify the operator’s active control of the machine. For
example, the operator must periodically manipulate con-
trols for operating the machine, or periodically activate a
control provided for the sole purpose of registering the
operator’s presence at the control unit 110.
[0020] Figure 4 conceptually illustrates an embodi-
ment of the remote control system 100 wherein the pre-
determined location is inside a vehicle 140. In the exam-
ple illustrated in Figure 4, the sensor 120 includes a pres-
sure sensor incorporated into a portable seat cushion
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150. The cushion 150 can be placed in any desired lo-
cation within the enclosure (i.e., the vehicle in this em-
bodiment) for confirming the location of the operator re-
motely operating the machine 10 using the control unit
110. Incorporating the sensor 120 into the portable seat
cushion 150 facilitates a portable remote control system
that can be moved from one suitable enclosure to another
as desired. The control unit 110 receives a signal from
the sensor 120 indicating the presence of the user ther-
eon. The signal can be received via a sensor cable 156
connecting the sensor 120 to the control unit 110, for
example.
[0021] As shown in Figure 4, the seat cushion 120 is
placed upon a vehicle seat 152 and attached via a power
cord 154 to a power outlet 156 of the vehicle 140. The
vehicle power outlet 156 is typically a 12 volt outlet con-
nected to the 12 volt battery of the vehicle 140. In other
embodiments, the power outlet 156 could be, by way of
example, a 120 V or 240V AC wall outlet in an enclosure.
Attaching the power cord 154 to the power outlet 156
verifies or registers the presence of the cushion 150 and
sensor 120, and thus, by extension, an operator seated
upon the cushion 150, in the predetermined location 14
- which is inside the vehicle 140 in the illustrated embod-
iment. In some embodiments, the control unit 110 is also
powered using the power outlet 156 of the vehicle 140
via a power cable 160. Alternatively, the control unit 110
could be powered via its own power source such as a
battery, or it could receive power via the sensor cable
158. In further implementations, the power cable 154
could be eliminated and the control unit could be plugged
into the power outlet 156 via the power cable 160. The
sensor 120 could then be powered via the sensor cable
158, which also could register the presence of the user
on the cushion 150. Still further arrangements are pos-
sible, such as sending an input signal from the sensor
120 to the control unit 110 via suitable wireless technol-
ogies, for example.
[0022] In alternative implementations, the sensor 120
is directly incorporated into the seat 152 of the vehicle
140 (as schematically illustrated in dashed lines in Fig.
4), rather than providing a portable seat cushion 150.
The presence of the operator could be sensed and input
to the control unit 110 in the manner described above in
conjunction with the portable seat cushion 150.
[0023] In some embodiments, registering the presence
of the user and/or the control unit 110 in the predeter-
mined location 14, such as an enclosure or vehicle cab
is required for full remote operation of the machine 10
and/or an implement 11 powered thereby. Thus, if the
system 100 registers the presence of the operator in the
predetermined location, the system 100 would be func-
tional to operate the machine 10 and associated imple-
ments 11 with no unusual operational limitations. If the
system 100 fails to register the operator’s presence
and/or periodic input, it could completely stop remote op-
erations, or remote operation could be limited. Limited or
restricted operations could include, for example, a "serv-

ice" mode wherein any of the powered systems of the
machine 10, including the implement 11, could be con-
trolled by the control unit 110, but in a mode that is dif-
ferent than a full operational mode. In this mode the im-
plement 11 might be allowed to operate in restricted
speed, or in a jog mode, or some other type of restricted
fashion and the ground drive of the machine 10 may be
allowed to operate at a restricted speed. Another limited
or restricted operation could be a " transport" mode
wherein the ground drive system of the machine is op-
erational, but the implement 11 is not operational.
[0024] For example, if no inputs are received by the
control unit 110 from the operator 12 after a predeter-
mined distance or elapsed time of travel of the machine
10, the machine and/or the implement thereof may be
shut down. In one implementation, the predetermined
distance of travel is in the approximate range of 4 to 10
meters (for example, 6 meters). In other embodiments,
only limited remote operation of machine 10 is enabled
depending on what inputs are received by control unit
110. In still further embodiments, the presence of the
user and/or the control unit 110 in the predetermined lo-
cation 14 is required for the control unit 110 to remotely
operate an implement powered by the machine 10 at its
intended-use capacity range. In this latter instance, if the
user and/or the control unit were not suitably proximate
the predetermined location 14, the user, for example,
may be limited to operating the implement 11 at a level
suitable for inspection and/or maintenance thereof but
could still be free to maneuver the machine 10.
[0025] Figure 5 is a flow diagram illustrating aspects
of the remote control system 100 operation in accordance
with some example implementations. At block 200, the
system 100 determines whether the control unit 110 is
communicated with the machine 10. If communication
has not been established (block 202), all remote func-
tions are disabled at block 204. If remote communication
has been established (block 206), the system checks the
status of the activation procedure at block 208. If the ac-
tivation procedure is complete (block 210), the system
checks for enablement of the remote at block 212. If the
activation procedure is complete (block 214), the system
checks the distance of machine travel since the last input
received by the control unit 110 in block in 216. If any of
the items checked in blocks 208, 212 and 216 are false
as determined in blocks 222, 224 and 226, respectively,
only limited functions of the machine 10 are enabled at
block 220. In the illustrated embodiment, only the horn
and engine stop functions of the machine 10 are enabled
if any of the activation procedure 208, remote enabled
212 and machine travel distance 216 are false. All other
functions of the machine 10 are disabled.
[0026] In the illustrated embodiment, the predeter-
mined travel distance checked is 6 meters. In other
words, if the machine 10 has traveled 6 meters or more
without receiving an operator input by the control unit
110, all machine functions except horn and engine stop
are disabled. In alternative implementations, other pre-
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determined travel distances are evaluated. For example,
the travel distance checked in block 216 could vary de-
pending on the type of machine 10 being controlled. For
very slow moving machines, for example, the travel dis-
tance may be set to a shorter distance. In some imple-
mentations, the travel distance is determined by moni-
toring the travel speed of the machine 10 and the travel
time to calculate travel distance. In still further implemen-
tations, the travel time is evaluated in addition to, or in
place of, the travel distance in block 216. In some exam-
ples, the machine functions are disabled if some prede-
termined time period such as 8 seconds has elapsed
since receiving an operator input by the control unit 110.
In other embodiments, movement of the implement 11
could be monitored in addition to or in place of travel
distance of the machine 10.
[0027] If the variables checked in blocks 208, 212 and
216 are all true, then the system verifies that the sensor
120 and the operator are is located in the predetermined
location 14. In the example shown in Figure 5, this is
accomplished by verifying that the sensor 120 incorpo-
rated into the seat cushion 150 is plugged into the remote
control unit 110 and the power outlet 156 of the vehicle
140, and that the operator presence has been deter-
mined by the sensor 120. In some embodiments, the sen-
sor cable 158 and the power cable 154 (or 160) are a
predetermined length, which verifies that the sensor 120
and control unit 110 are located no more than the length
of the cables from the predetermined location (inside the
vehicle 140, for example). For example, in some imple-
mentations the power cable 154 and sensor cable 158
are each about 5 feet long. In other embodiments, only
one or the other of the sensor 120 (cushion 150) and the
control unit 110 are verified as being in the predetermined
location at block 232.
[0028] If the sensor 120 is not plugged into the control
unit 110 and/or the power outlet 156 (block 234), then
operation of the controlled machine 10 is limited. In block
236, the attachment/implement 11 and cross conveyor
functions of the machine 10 are speed limited, and all
other functions of the machine 10 are enabled. If the sen-
sor 120 is plugged into the control unit 110 and the power
outlet 156 (block 240), then the system verifies that the
sensor 120 has received an input indicating the active
presence of the operator. In the system illustrated in Fig-
ure 4, the sensor 120 is incorporated into either a portable
seat cushion 150 or the seat 152 of the vehicle 140. In
such implementations, the sensor 120 could include a
pressure switch that closes when an operator sits on the
cushion 150, 152. If the seat switch is not closed (block
244), then functions of the machine 10 (and/or the im-
plement 11 associated therewith) are limited as indicated
in block 236. If the seat switch is closed (block 246), the
presence of the operator at the predetermined proximity
to the predetermined location 14 is registered, and all
functions of the machine 10 are enabled in block 250.
[0029] In some implementations using a seat switch
as illustrated in Figure 5, a delay is incorporated to allow

movement or adjustment of the operator. For example,
if the seat switch opens when an operator momentarily
raises from the seat then closes again (the operator re-
turns to a seated position) within some predetermined
time period (3 seconds in some embodiments), functions
of the machine are not limited as shown in block 236.
[0030] Other embodiments include an input switch on
the control unit 110 configured for the sole purpose of
registering the presence of the operator. For example,
some controlled machines, such as a trencher, move
slowly and during some operations require infrequent ad-
justments from an operator. For controlled machines
such as these, the operator situated in the predetermined
location 14 may be required to periodically activate a
switch on the control unit 110 simply to indicate his or
her presence at the control unit 110.
[0031] Still further implementations are envisioned
wherein the system 100 is configured to detect a utility
or dangerous obstruction (gas/power lines, high walls,
certain terrain features, etc.) present in a predetermined
proximity to the controlled machine. In such versions of
the system 100, the machine 10 could be automatically
stopped, and/or an alert/alarm could be activated in re-
sponse to sensing an obstruction. An operator override
could further be provided. Further, such predetermined
obstruction and/or potential hazard locations could be
indicated on a pre-programmed map, or could be sensed
using any suitable sensing technology.
[0032] Various modifications and alterations of this dis-
closure may become apparent to those skilled in the art
without departing from the scope and spirit of this disclo-
sure, and it should be understood that the scope of this
disclosure is not to be unduly limited to the illustrative
examples set forth herein.

Claims

1. A remote control system, comprising:

a control unit configured to send a control signal
to a machine to be controlled from a position
remote from the machine;
a sensor system operatively linked with the con-
trol unit, the sensor system being configured for
registering a presence of an operator in a pre-
determined proximity to a predetermined loca-
tion.

2. The remote control system of claim 1, wherein the
sensor system is configured for registering a pres-
ence of an operator in a predetermined proximity to
the control unit.

3. The remote control system of claim 1, wherein the
sensor system is configured to register the presence
of the operator in the predetermined location.
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4. The remote control system of claim 1, wherein the
machine includes an implement, and wherein the
registered presence of the operator in the predeter-
mined proximity to predetermined location is re-
quired for the control unit to be able to be used to
operate the implement at a predetermined level of
operation.

5. The remote control system of claim 1, wherein op-
eration of the machine is limited in response to the
sensor system failing to register the presence of the
operator in the predetermined proximity to the pre-
determined location.

6. The remote control system of claim 1, wherein the
sensor system includes a pressure sensor config-
ured for registering the presence of the operator ther-
eon.

7. The remote control system of claim 6, wherein the
pressure sensor is one of separately and integrally
associated with a seat of a vehicle.

8. The remote control system of claim 7, wherein the
pressure sensor is connected to the control unit with
a wire of a predetermined length to verify that the
operator is within the predetermined length of the
remote control.

9. The remote-control system of claim 6, wherein the
pressure sensor is located within a portable seat
cushion.

10. The remote control system of claim 1, wherein the
sensor system includes a power cord having a plug
end configured for electrical connection with a power
port, wherein the sensor system is configured for reg-
istering a presence of the control unit in the prede-
termined location in response to the plug end being
connected to a power port at the predetermined lo-
cation.

11. The remote control system of claim 1, wherein the
predetermined location includes an enclosure, and
wherein the sensor system is configured to register
the presence of at least one of the operator and the
control unit within the enclosure.

12. The remote control system of claim 11, wherein the
enclosure includes a vehicle.

13. The remote control system of claim 1, wherein the
machine includes an implement powered by the ma-
chine, and wherein the control unit is configured to
send a control signal to implement from a position
remote from the machine in response to the sensor
system.

14. The remote control system of claim 1, wherein the
sensor system is configured to register the presence
of the operator in the predetermined proximity to the
predetermined location by receiving a periodic input
of the operator.

15. The remote control system of claim 14, wherein the
control unit is configured so as to auto-shutdown the
machine after a predefined distance of travel of the
machine without the control unit receiving the peri-
odic input of the operator.
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